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Introduction

In an ongoing effort to improve the quality of the American Community Survey (ACS) estimates and contain data collection
costs, the Census Bureau routinely implements a series of experimental tests including testing of proposed new content,
revisions to the current set of ACS questions, and proposed enhancements to data collection methods. This yearly testing
program is called the ACS Methods Panel. In 2007, the ACS Methods Panel originally included one experiment designed to
assess the effectiveness of obtaining accurate responses to two different versions of a proposed field of degree question on
the ACS questionnaire, and to evaluate the difference between asking the basic demographic items (age/date of birth, race,
ethnicity, sex, and relationship) in a grid versus a sequential questionnaire design. This experiment, hereinafter called the
Original Content Test, was cancelled in December 2006 since the budget for fiscal year 2007 had not yet been determined.
Funding was, however, available to cover one experimental component of the Original Content Test, the grid and sequential
questionnaire design, with several constraints on the mode of data collection. This test was called the Grid/Sequential
Questionnaire Test. Additionally, once funding was received for fiscal year 2007, we were able to reinstate the experimental
testing of a new field of degree question as a separate experiment called the 2007 ACS Content Test. So ultimately, the 2007
ACS Methods panel included two tests — the Grid/Sequential Questionnaire Test, and the 2007 ACS Content Test. While
there were only two ACS Methods Panel tests conducted in 2007, we designed samples for the two experiments that were
fielded in addition to the Original Content Test that was cancelled. This paper describes the sample design for all three
experiments.

The requirements of each experiment necessitated similar, yet unique sample designs. The Original Content Test and the
2007 ACS Content test were designed to collect data via mailout, Computer Assisted Telephone Interview (CATI), and
Computer Assisted Personal Interview (CAPI) in sequential months. These samples employed several sampling rates, which
are proportional to the 2007 ACS sample probabilities of selection. The Grid/Sequential Questionnaire Test was a mail only
test. This sample was selected using constant overall sampling rates within each treatment. Each sample consists of 30,000
addresses selected in pairs. Of particular interest is the calculation of the selection probabilities to account for previous
samples, including the ACS sample, drawn from the same frame at different points in time.

This paper discusses the unique opportunities provided by the ACS frame, sample design, and selection for experimental
sample designs and sampling frames to be derived from it. The added benefit of using the ACS sample, given the readily
available response data — which can be used as experimental controls — is also highlighted. For each experimental design we
focus on the statistical requirements, including reliability calculations, the selection probability derivations accounting for the
differential, two-phase sample design of the ACS, and provide selected results of the samples by treatment.

ACS Sample Design
An independent sample for the ACS is selected for each of the 3,141 counties and county equivalents in the United States,

including the District of Columbia, and each of the 78 municipios in Puerto Rico. The ACS sampling frame is derived from
the Master Address File (MAF). Each year the ACS samples approximately 3 million housing unit (HU) addresses in the
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United States and approximately 36,000 HU addresses in Puerto Rico. The sample is selected in two phases every year,
referred to as the main and supplemental phase respectively.

The main phase sample is selected in August/September of the year prior to the sample year from an extract of the MAF
delivered at that time. Approximately 99 percent of the total annual ACS sample is selected during main phase sampling and
is allocated to each of the twelve monthly panels for the sample year.

In January of the sample year, a sample of addresses that have been added to the MAF since the Main MAF extracts were
created is selected. This is known as the Supplemental phase and accounts for approximately one percent of the total ACS
sample. These addresses are allocated to the last nine monthly panels of the year.

The sampling for each phase is carried out in two stages. The first stage sample consists of splitting the entire frame into five
pieces, each one including approximately 20 percent of the addresses on the frame. These 20 percent samples are maintained
over time and units new to the twice-yearly frames are systematically allocated to these five partitions or samples. These
samples are rotated each year and the 20 percent sample designated to the sample year becomes the universe for the second-
stage of selection. This means each address is only eligible to be selected in sample for the ACS once every five years,
minimizing respondent burden. The first-stage sample selection divides the sample into two strata: one for existing
addresses and one for new addresses. The first-stage sampling procedure allocates twenty percent of all new addresses to
each of the 4 backsamples and the current year’s first stage sample. The second-stage sampling procedure subsamples the
units selected in the first-stage. Based on the size (number of estimated occupied housing units) of the area the block is in, it
is assigned to one of the five second-stage strata employed during this stage. A reduction factor is used in two second-stage
strata. The initial sample within these two strata is reduced by 8 percent where they overlap areas expected to have the
highest combined mail/CATI cooperation rates. This, in practice, provides seven unique ACS target sampling rates. The
target second-stage sampling rates (R) used in each second-stage stratum are as follows:

e Base Rate

e 0.92 X Base Rate

e 3 X Base Rate

e 15 X Base Rate

e (.75 X Base Rate

e 0.92 X 0.75 X Base Rate
o 10%

Six of the seven second-stage sampling rates are a function of a base rate, which is recalculated each year using a target
sample size of 3 million addresses (U.S.). The second-stage rates are reduced in tracts with high expected mail/CAPI
cooperation rates. This was designed to offset the additional cost incurred from the implementation of differential CAPI
sampling rates. The CAPI sampling is selected from two categories of cases. Mailable addresses with neither a response to
the mailout nor a telephone interview are sampled at a rate of one-in-two, two-in-five, or one-in-three. Unmailable addresses
are sampled at a rate of two-in-three. Refer to Asiala (2005) for complete details on the differential CAPI sample design
research.

The ACS collects data in three modes: mail, CATI, and CAPI. The mailable addresses selected in the second-stage sample
are sent a questionnaire in the mail. Any non-responding addresses with a telephone number are sent to CATI. A subsample
of both the non-responding addresses after CATI and the unmailable addresses is sent to CAPI. For detailed information
about the ACS program, please see U.S. Census Bureau (2006).

The Original Content Test

The first experiment, the Original Content Test, was designed to assess the effectiveness of obtaining accurate responses to
two different versions of a proposed field of degree question on the ACS questionnaire, and to evaluate the difference
between asking the basic demographic items in a grid versus sequential method.

This sample design was largely based on the ACS design in order to simulate the conditions under which the new field of
degree question may ultimately be asked. Under this design there were both CATI and CAPI follow-up of non-responding
addresses. This test did not include Alaska, Hawaii, and Puerto Rico. This test also included a telephone re-interview of the



topics of interest such as the field of degree question for all respondents. As the test was to be mailed out in March 2007, the
corresponding ACS panel was to serve as the control for this test.

The target universe for the Original Content Test consisted of all valid, residential housing unit addresses in all county and
county equivalents in the United States, except Alaska, Hawaii, and Puerto Rico. For more information on how housing unit
addresses are deemed valid, see Zimolzak and Rose (2007) and Bates (2006). The sampling frame was the 2007 ACS main
phase first-stage sample that was not selected in second-stage sampling or in any other operation (training, other tests, etc.).

In order to determine the target sample size for this test, the minimum detectable differences (MDD) were calculated for the
gross difference rate (GDR) for the Field of Degree question for sample sizes of 50,000, 40,000, and 30,000. The following
formula was used:

MDD = /(2PQ) x v DEFF x(z% - z(l_ﬁ)j :

where P = E(GDR ), Q=(1 - P), DEFF = the complex sample design effect, Z,, = the cutoff point on the standard
2
normal distribution for a significant difference between the GDR for the two treatments, Zop) = the cutoff point on

the standard normal distribution for a power level of at least 80% for this test.
The difference in the MDDs for varying sample sizes showed no appreciable gain with a sample larger than 30,000. The
Original Content Test sample desigh employed the seven ACS second-stage sampling strata with each block assigned to one
of the strata.

The experimental design of the test is shown in Table 1 below:

Table 1: Experimental Design of the Original Content Test

Field of Degree Question Field of Degree Question
Version 1 Version 2
Grid Design Sequential Design Grid Design Sequential Design

The requirements of the Original Content Test were as follows:

e Each of the 15,000 addresses in each treatment sample is selected with probability proportional to the ACS sample
probability of selection (POS).

e The sample selection should be a paired design. That is, for each selected address, the next address on the list is also
selected.

e Each treatment panel has the same number of addresses allocated to it.

e Each pair is not assigned the same questionnaire design or the same field of degree question.

The sample selection procedure used a paired design in which a sample of 15,000 was selected and the nearest available
neighbor is also selected into the Original Content Test sample. This helps to ensure that the two samples of 15,000 are
similar. Where possible, all pairs of sample records came from the same state/county/ACS second-stage sampling stratum
combination. Unbiased sampling weights were also calculated. Each sample of 15,000, when weighted, is representative of
the entire universe.

Each selected address was designated to one of four treatment panels based on the cross of the two treatments: field of
degree question version and grid or sequential version of the short-form data questionnaire. Each panel had an equal humber
of sample cases allocated to it. For further detail on sample design, see Joshipura and Hefter (2006).

The Original Content Test sample design was driven by the requirement that each of the 15,000 addresses in each treatment
sample be selected with probability proportional to the ACS sample probability of selection (POS). The total number



selected for the Original Content Test sample was 30,000. Each design panel was allocated 7,500 addresses. The total
number of records allocated to each individual treatment was 15,000. See Joshipura and Hefter (2007a) for additional results.

Derivation of the Selection Probabilities for the Original Content Test
Define the Content Test POS, P(CT) within each county /sub-stratum to be:

Pi (CT ): C x Fy [1]

where

C represents a constant scalar used to achieve the desired sample size of 15,000

Fij represents the factor of Py that is proportional to the ACS second-stage POS for the i county, j™ first-stage
ACS sampling stratum, and k™ ACS second-stage sampling stratum.

i =1,...,.x (x = # of counties available on the Content Test sampling frame).

j =1,....y (y = # of first-stage strata in county i)

k =1,...,z (z = # of second-stage strata in first-stage stratum j

The requirement that the selection probabilities be proportional to the ACS leads to the following necessary condition:

N© _ QO
% ijk ijk — Rk

ijk
N ijk

[2]

Ry represents the overall target sampling rate for the k™ ACS second-stage stratum.

N iﬁ(k’) represents the total number of addresses available in the current year’s (year 0) ACS first-stage sample for

the i county, j™ first-stage ACS sampling stratum, and k™ ACS second-stage stratum.
n{® represents the current year’s ACS second-stage sample for the i" county, j" first-stage ACS sampling

ijk

stratum, and k'™ ACS second-stage stratum.

N j  represents the total number of valid addresses on the Main 2007 MAF extract in the i"" county, j" first-stage

ACS sampling stratum, and k™ ACS second-stage stratum.

Within each county, first-stage sampling stratum, and second-stage sampling stratum, an adjustment to Ry is made so that the

second-stage POS (r) yields the desired overall sample size as follows:

oo R, x Nijk
NN

Nijk
Thus, Ry can be written as:
(0)
r, X Nijk

ijk
Ry =

ijk

We have established that we need to find F such that:

N© _p©
% ijk ijk — Rk

ijk
N ijk

Substituting [4] for Ry we get:

[3]

[4]

[5]



(0) (0) (0)
Nie =N T < Nigg
Fijk X = [6]
N N

We would like to express Pjj in terms of riy. Since the probability of not being selected in the ACS second-stage sample is
(1 - ri), we can use the relationship

0) o) _ (0)
Nijk My = (1_ rijk) X Nijk [7]
to rewrite [6] as:

1-r, JxN@ r xN®O
Fijk % ( Ijk) ijk — ijk ijk [8]
Nijk Nijk

Solving for Fjj we get:

r.
Fo= 9
= :

Substituting this in [1] we get:

r.
P, =Cx—% [10]
: (- i )

We require that

>SS Pix (N -n®)=15,000 [11]

X Yy I..
333 Cx—E (N - n®)=15,00 [12]

i=1 j=1 k=1 1_ rijk
Solving for C we get:
15,000

T
ijk (0) 0)
x (N ik — Mij )

[13]
i=1 j=1 k=1 1- rijk
Therefore the following is the probability of selection for the i county, j* first-stage stratum, and k™ second-stage stratum:

15,000 Fiik

X
T y (N iﬁg) B nﬁg)) (1_ rijk)

[14]



Since Fij — by construct — when applied to the available universe, N iﬁﬁ) - nﬁi) , yields the same target sampling rate as the

ACS rate, Ry, with respect to the overall universe, N, , the Original Content Test Base Weight (the inverse of the overall

ijk 1
probability of selection) for each record in sub-stratum k is calculated as:

CTBW, =(CxR,)™ [15]
In practice, the probability P(CT) for each unit was simply calculated as:

P(in first - stage sample)
P(not in second - stage)

P(CT)=Cx

The Grid/Sequential Questionnaire Test

After the Original Content Test was cancelled, the Grid/Sequential Questionnaire Test was enacted to only evaluate potential
response differences from asking the basic demographic items using a grid versus sequential format. The ACS has
traditionally used a horizontal grid format, where the names are listed down the side of the page and the questions appear
across the top of the questionnaire, to collect the basic demographic data. Census 2010 plans to use a sequential format
where each person’s data appear in a distinct column, and within each column, the names are at the top and the questions are
listed down the page. In support of consistency efforts between the ACS and Census, the ACS tested whether the layout for
these items affects response. This test, referred to as the Grid/Sequential Questionnaire Test, was implemented to assess if
one format improves data quality and response rates. It was a mail only test and did not include Alaska, Hawaii, or Puerto
Rico.

The target universe for the 2007 Grid/Sequential Questionnaire Test consists of all valid, residential housing unit addresses in
all county and county equivalents in the United States, excluding Alaska, Hawaii, and Puerto Rico. A sample with a target
size of 30,000 was selected from the 2007 ACS Main first-stage sample that was not selected in the ACS second-stage
sampling or in any other operation (training, other tests, etc.). Because this test was implemented instead of the Original
Content Test, the units selected in that sample were still eligible to be selected for this test. Sample selection used rates that
achieve equal overall probabilities of selection within response stratum from the sampling universe in order to have a
sufficient amount of data to analyze responses from low response areas as well as the full results. The 2006 ACS Content
Test also had a similar sample design. See Asiala (2006) for more details.

The basic experimental design of the test is displayed in Table 2 below.

Table 2: Experimental Design of the Grid/Sequential Questionnaire Test

Grid Questionnaire Design Sequential Questionnaire Design
High Response Low Response High Response Low Response
Stratum Stratum Stratum Stratum

The sample design requirements for this test were as follows:

e Each of the 15,000 addresses in each treatment sample has an equal overall probability of selection from the sampling
universe within response stratum.

e 60% of the sample addresses are selected from the low response stratum and 40% are selected from the high response
stratum.

e The sample selection is a paired design. That is, for each selected address, the next address on the list is also selected.

e One address in each pair is randomly assigned to the Grid treatment panel and the other to the Sequential treatment
panel.



All census tracts were stratified by their Census 2000 long form mail response rate into either a high or low response stratum.
The two strata were defined such that the high response stratum contained housing unit addresses residing in tracts with a
mail response rate higher than or equal to 63%. The remaining tracts were assigned to the low response stratum. The 63%
cutoff point places approximately 75% of the total number of addresses in the high response stratum.

The Grid/Sequential Questionnaire Test sample was allocated so that the expected number of mail returns was equal within
both strata. This will, in expectation, result in similar variances by response stratum.

The sample selection procedure used a paired design in which a sample of 15,000 was selected and the nearest available
neighbor was also selected into the Grid Sequential Questionnaire Test sample. Where possible, all pairs of sample records
came from the same response stratum/state/county/ACS first-stage sampling stratum/ACS second-sampling stratum
combination. Unbiased sampling weights were also calculated. Each sample of 15,000, when weighted, is representative of
the universe. The sampling procedure also randomly assigned each sample of 15,000 to one of two treatment panels: grid or
sequential questionnaire design.

The sampling frame for the test was the unused portion of the 2007 ACS Main first-stage ACS sample. The sample selection
was designed such that, within response stratum, each address in the frame has equal probability of selection from the
universe. To achieve this, three stages of sampling needed to be accounted for: 1) ACS first-stage sampling, 2) ACS second-
stage sampling, and 3) the Grid/Sequential (or third stage) sample selection. For further details on the sample design, see
Joshipura and Hefter (2007b).

Derivation of the Selection Probabilities for the Grid/Sequential Questionnaire Test
The Grid/Sequential Questionnaire Test probability of selection, P(GS), from the records in the ACS first-stage sample not
selected in the ACS second-stage sample, within each county/first-stage stratum/second-stage stratum/response stratum can

be denoted as: Py .

where

i =1,...x (x = # of counties available on the Grid/Sequential Questionnaire sampling frame (GSFRAME)).
j =1,...,y (y = # of substrata in county j)

k =1,...,z (z = # of second-stage strata in county i and first-stage stratum j)

| =1, 2 (1 = low response stratum, 2 = high response stratum)

The requirement of each address in the frame having equal probability of selection from the universe leads to the following
necessary condition:

NO _n@
Pi % I oL [1]
N N,

where

N ,ﬁﬁl) represents the total number of addresses available in the current year’s (year 0) ACS first-stage sample for

the i county, j™ first-stage ACS sampling stratum, k™ ACS second-stage stratum, and the I" response
stratum.

ni(ji,) represents the current year’s ACS second-stage sample for the i county, j™ first-stage ACS sampling
stratum, k™ ACS second-stage stratum, and the I response stratum.

N jla  represents the total number of valid addresses on the Main 2007 MAF extract in the i"" county, j" first-stage
ACS sampling stratum, k™ ACS second-stage stratum, and the ™ response stratum.

t, represents the sample size for the I response stratum (i.e. t, = 0.6 x 15,000 for the low response stratum

and t,=0.4 x 15,000 for the high response stratum)
N, represents the total number of valid addresses on the Main 2007 MAF extract in each response stratum.



Equation [1] can also be written as:

1-r,, ) x N
Pijk| x ( Ijk|) X ijkl _ t_| [2]
Nijkl N|

since
(0) 0) _ (0)
Niw —Nig = (1_ rijkl) X N [3]
Solving for B, , we get:

t—'>< N
N, (1_ rijkl) X Néﬁ?

Pijkl = [4]

Analogous to the calculation of the Original Content Test base weight derived earlier, it then follows from [1] that the
Grid/Sequential Questionnaire Test Base Weight (GSBW) for each record in response stratum | is calculated as:

GSBW, = i 5]
't

|
Therefore, the overall probability from the universe, P, was then calculated as follows:
P = P(in first-stage sample) x P(not in second-stage sample) x P(in third stage sample),

where P(in third-stage sample) is the probability of selection used to sample addresses from the Grid/Sequential sampling

(0) (0)
frame [Z N i~ Mij ] '

ijkl

Selected Results for the Grid/Sequential Questionnaire Test
Table 3 below shows the two overall probabilities of selection (POS) from the sampling universe:

Table 3: Overall POS from the Sampling Universe by Response Stratum
Response Stratum Overall Probability of Selection

High 0.0000604
Low 0.0002842

The total number in sample was 29,998. Both the grid treatment panel and the sequential treatment panel contained 14,999
addresses. There were 9,000 records in the low response stratum and 5,999 records in the high response stratum in each
treatment panel. Table 4 shows the percent of the entire sample in each response stratum.

Table 4: Percent in Sample by Response Stratum

Response Stratum

Number in Sample

Percent of Sample

High 11,998 40.0%
Low 18,000 60.0%
Total 29,998 100%

See Joshipura and Hefter (2007c) for further results.



The 2007 ACS Content Test

Once funding was received for fiscal year 2007, we worked quickly to reinstate the experimental testing of the new Field of
Degree question in an effort called the 2007 ACS Content Test. This test was designed to assess the effectiveness of
obtaining accurate responses to two different versions of a proposed field of degree question on the ACS questionnaire. A
secondary goal of this test was to evaluate any change in the tenure distribution caused by changes in question wording that
were enacted for the 2010 census and thus, adopted for the 2008 ACS questionnaire. The 2007 ACS Content Test was
implemented in addition to the Grid/Sequential Questionnaire Test; both tests were executed in lieu of the Original Content
Test.

The 2007 ACS Content Test sample design is largely based on the ACS design in order to simulate the conditions under
which the new field of degree question may ultimately be asked. Under this design there is both CATI and CAPI follow-up
of non-responding addresses. This test does not include Alaska, Hawaii, and Puerto Rico. This test also includes a telephone
re-interview of the topics of interest such as the tenure and Field of Degree questions for all responding households. This test
was mailed out in July 2007, so the corresponding ACS panel is to serve as the control for this experiment.

This test has the same target universe, target sample size, and sample design as the Original Content Test. However, the
sampling frame is the 2007 Main and Supplemental ACS first-stage sample that was not selected in the ACS second-stage
sampling or in any other operation (training, other tests, etc.). Distinctions between the two phases were necessary in the
probability of selection calculation.

The requirements of the Content Test sample were:

e Each of the 15,000 addresses in each treatment sample is selected with probability proportional to the ACS sample
probability of selection.

e The sample selection should be a paired design. That is, for each selected address, the next address on the list is also
selected.

e Each treatment panel has the same number of addresses allocated to it.

e Both addresses within a pair are not assigned the same field of degree question.

The sample selection procedure used a paired design in which a sample of 15,000 is selected and the nearest available
neighbor is also selected into the Content Test sample. Where possible, all pairs of sample records came from the same
state/county/ACS second-sampling stratum combination. Unbiased sampling weights are also calculated. Each sample of
15,000, when weighted, is representative of the universe. Each sample of 15,000 was randomly assigned to one of two
treatment panels: version 1 of the field of degree question or version 2.

The Content Test sample design was driven by the requirement that each of the 15,000 addresses in each treatment sample be
selected with probability proportional to the ACS sample probability of selection (POS). The frame for this test was the
unused portion of the first stage ACS sample. This is the portion of both the Main and Supplemental first-stage sample not
selected in the second-stage ACS sample or the 2007 Grid/Sequential Questionnaire Design Test. For further details on
sample design, see Joshipura and Hefter (2007d).

Derivation of the Selection Probabilities for the ACS Content Test
Define ACS Content Test POS, P(CT) to be:

Pius (CT ) = C x Fys [1]
where
C represents a constant scalar used to achieve the desired sample size of 15,000

Fiiis represents the factor of Pjjq, that is proportional to the ACS second-stage POS for the it county, jth first-
stage ACS sampling stratum, k™ second-stage sampling stratum, I"" sampling phase, and s" Grid/Sequential
response stratum.

i =1,..., x (x =# of counties available on the content sampling frame).

i =1,...,y (y = # of first-stage strata county i)

k =1,..., z (z = # of second-stage strata in county i and first-stage stratum j)



1, 2 (1 = main, 2 = supplemental)
1, 2 (1 = Grid/Sequential low response stratum, 2 = Grid/Sequential high response stratum)

The requirement stated above leads to the following necessary condition:

N© —n® —m

jkls ijkls ijkls

Fijkls x =R, [2]
Nijkls

Ry represents the overall target sampling rate for the k™ ACS second-stage stratum.

N iﬁﬁ,)s represents the total number of addresses available in the current year’s (year 0) ACS first-stage sample for
the i county, j™ first-stage ACS sampling stratum, k™ ACS second-stage stratum, I™ sampling phase, and
s" response stratum.

niﬂ.ﬁ,’s represents the current year’s ACS second-stage sample for the i county, j™ first-stage ACS sampling
stratum, k™ ACS second-stage stratum, I'"" sampling phase, and s" response stratum.

Mis  represents the number in sample in the Grid/Sequential Questionnaire Design Test for the i county, j™
first-stage ACS sampling stratum, k™ ACS second-stage stratum, I'"" sampling phase, and s response
stratum. (Note that this number is 0 when | = 2.)

N jis  represents the total number of valid addresses in the i" county, j" first-stage ACS sampling stratum, k™

ACS second-stage stratum, 1™ sampling phase, and s™ response stratum.
As noted earlier, during ACS sampling, within each county, first-stage sampling stratum, and second-stage sampling stratum,

an adjustment to Ry is made so that the second-stage POS (r) yields the desired overall sample size as follows:

- ijkls [3]

Thus, Ry can be written as:

(0)
s < Nijkls 4
TN [4]

ijkls

We have established in [2] that we need to find Fijgs such that:

N©® —n@® _m
Fijk|s % ijkls ijkls ijkls _ Rk [5]
Nijkls
Substituting [4] for Ry we get:
N =nl =My Foge x NGO
F ijkls ijkls ijkls — ijkls ijkls [6]

e X
ijkls
N ijkls N

ijkls



Since the probability of not being selected in the Grid/Sequential Questionnaire Design Test, within each Grid/Sequential

response stratum, is (1— GPOS;s ) we have the following relationship:

N i§2|)s - ni(jﬁl)s — Mijgs = (1_ GPOS; )X (N i§2|)s - ni(jﬁl)s) [7]

where GPOS;js is two times the probability of selection used for the Grid/Sequential Questionnaire Design Test
(GSPOSijs) since two samples of 15,000 were selected for the Grid/Sequential Test and GPOS jjs is equal to zero.

As noted earlier,

(0) 0 _
Nijkls - nijkls - (1_ rijkls

)x N, 8]

We can rewrite [5] as:

(1_ Fiis )X (1_ GPOSi'kIs )X Ni('(lzl)s Fiikis % N i('gl)s
Fijkls X J J — == J [9]
N ijkls N ijkls
Solving for Fijs we get:
r.
Fi- .= ijkls [10]
e (1_ rijkls )X (1_ GPOSijkIs )
Substituting this in [1] we get:
P_. _ C % r‘ijk|S [11]
e (1 — Fijus )X (1_ GPOSijkIs )
We require that
X y z 2 2 0 0
ZZ z ZC x Fijkls x (N igkl)s - nﬁkfs = Mijs ) =15,000 [12]

i=1 j=1 k=1 I=1 s=1
Solving for C in [12], we get

15,000

iiii Fijas % (N iSE?s - niﬁﬁl)s - mijkls)

C= [13]

>

_ (0) (0)
Let Qijkls = (N ifkis — Mijkis — mijkls)

The following probabilities of selection are assigned to each record in the i'" county, j" first-stage stratum, k™ second-stage
stratum, 1" sampling phase, and the s response stratum:



For cases eligible from the Main phase first-stage sample:

15,000 Fijks [14]
: (l rukls) (1 GPOSlels)

For cases eligible from only the Supplemental phase first-stage sample:

r.
Pis = 25000 x [15]
Shehehy (1_ri'k25)
Z ZZ I:ukls x QI]k|S '

i=1 j=1 k=1 I=1 s

Note: Using the definition of Q in equation [2], we get that Fy; x o = =Ry X Nyjs = nIJkls Thus the
X y z 2 2 X Yy z 2 2

summation Z ZZZ Z Fir % Qijr €an also be written as zz Z nflﬁ,)r , Which is equal to the total expected

i=1 j=1 k=1 I=1 r=1 i=1 j=1 k=1 1=1 r=1
sample size for the ACS.

Since Fijus— by construct — when applied to the available universe, Qjjqs, yields the target ACS sampling rate, Ry, with respect

to the overall universe, Njjs, it follows that the ACS Content Test Base Weight (NCTBW) for each record in sub-stratum k is
calculated as:

NCTBW, =(CxR, )™ [16]
The probability for each unit, P(CT), was therefore calculated as follows:

P(in first - stage sample)
P(not in second - stage) x P(not in Grid/Sequential sample)

P(CT)=Cx

Selected Results for the ACS Content Test

The total number of cases in the ACS Content Test sample is 30,000. Both panels were allocated 15,000 addresses (40% and
60% from the respective response strata). The ACS Content Test was designed such that the percent of the sample in each
unique target sampling rate stratum would be similar to the 2007 ACS. The comparison between the two is shown in Table 5
below.

Table 5: Percent of Content Test Sample by Stratum

Second-Stage Sampling | 5447 conent Test 2007 ACS
Rate

Base Rate 21.59% 21.56%
0.92 X Base Rate 24.59% 24.60%
3 X Base Rate 13.81% 13.82%
1.5 X Base Rate 3.83% 3.82%
0.75 X Base Rate 10.33% 10.33%
0.92 X 0.75 X Base Rate 21.77% 21.78%
10% 4.09% 4.09%

See Joshipura and Hefter (2007e) for further results.



Conclusion

The ACS sample design has provided an excellent jumping off point — or springboard — for these three experimental sample
designs. The sampling frames that were derived from it have enabled sample selections that will not overburden the
households selected while achieving each design’s objectives. Each address selected in these experimental samples is not
eligible to be in an ACS sample or an ACS related sample for the next four years. The sampling frames also allow for many
sample designs that mimic the ACS at either phase of sampling or uses a constant overall sampling rate for each treatment.

In addition, other surveys may use the ACS to design highly efficient small-scale sample designs in which they can combine
the ACS response data. Also, the probabilities of selection already assigned to the first-stage sample easily facilitate these
sample designs, whether mirroring the ACS or not.
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